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ABSTRACT

Carotenoids are abundant pigments mainly contained in vegetables and fruits, and show antioxidant
properties by quenching free radicals in human body. Few studies have investigated associations between
serum carotenoid levels and premature mortality. The objective of this study was to investigate the as-
sociation between serum carotenoid level and premature mortality in a Japanese population. This study
included 446 Japanese adults (174 men, aged of 40-64) recruited as participants in the Japan Collaborative
Cohort (JACC) Study. Serum carotenoid level was measured by high-performance liquid chromatography.
Premature mortality was defined as death before 65 years old during the follow-up period. Premature
mortality was ascertained in 60 men (34.5%) and 65 women (23.9%). In men, compared to the 1* tertile
of serum B-cryptoxanthin and provitamin A, those who were in the 3" tertile had lower risks of premature
all-cause mortality (OR, 95% CI: 0.19, 0.07-0.47 for B-cryptoxanthin, and 0.24, 0.09-0.61 for provitamin
A). In women, compared to the 1* tertile of serum B-cryptoxanthin, those who were in the 3% tertile had
higher risks of premature all-cause mortality (OR, 95% CI: 1.94, 1.00—4.03). These significant associations
were observed in analyses for premature cancer mortality. We found significant associations between higher
levels of serum B-cryptoxanthin and provitamin A and lower risks of premature mortality among Japanese
men, while a different directional association was found in women. Although these findings suggest roles
of serum carotenoids on premature mortality, further studies are needed to validate this association in
other populations.
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INTRODUCTION

Fruit and vegetable intake is associated with reduced risks of total and cause-specific
mortality."* Such preventive effects of dietary vegetable and fruit intake may be attributable to
antioxidant properties derived from carotenoids and other vitamins. Carotenoids are abundant as
pigments in vegetables and fruits, and show antioxidant properties by quenching free radicals.®
In addition to playing a role as an antioxidant, serum level of carotenoid is thought to offer an
objective and reliable marker of vegetable intake than food frequency questionnaire.’ The half-life
of serum carotenoids is usually a few weeks, and serum carotenoid level can thus reflect the
relatively long-term intake of vegetables and fruits.%” In line with previous studies on dietary
intake of vegetables and fruit, serum carotenoids levels are associated with decreased risk of
mortality and incidence from cancer and cardiovascular disease (CVD) in US, European, and
Japanese populations.®'6

Life expectancy in developed countries has increased substantially over a few decades,
especially in Japan (81.09 years for men and 87.26 years for women in 2017)."” However,
there are a certain number of people who die before the age of 60 to 70, and they are defined
as premature mortality. In fact, more than 25% of deaths are premature mortality even in high
income countries.'”® In other words, reducing premature mortality is a matter of concern not only
in low-middle income countries, but also in high income countries. From an epidemiological
viewpoint, understanding the clinical and general background of premature mortality may be the
first step in reducing premature mortality. Previous studies have reported several risk factors for
premature mortality, including smoking, drinking alcohol, low income, poor educational level,
decreased mental health, dietary intake, and preexisting condition."”* However, no previous study
is available on association between serum carotenoids, as biomarkers of dietary vegetable and
fruit intake, and premature mortality. Investigating this association with a long-term follow-up
period will provide insight into whether prediagnostic serum carotenoid levels may be a long-
term marker for predicting reduced healthy life expectancy. Therefore, we aimed to assess the
association between serum carotenoid levels and premature mortality in a Japanese population.

MATERIALS AND METHODS

Study design and participants

The baseline survey of the Japan Collaborative Cohort (JACC) Study was conducted in 45
study sites across Japan between 1988 and 1990. A total of 110,585 adults between 40 and 79
years old living in study sites were enrolled to the study. Details of this cohort study have been
published elsewhere.”® We collected information from a self-administered questionnaire regarding
demographic features (sex, age, educational level, and study site), lifestyle (smoking status,
drinking status, and leisure-time activity) and clinical history of non-communicable diseases
(cancer, CVD, or diabetes). We conducted follow-up of eligible participants to identify each
new death from the baseline survey through to the end of 2009. We reviewed death certificates
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and classified the underlying causes of death as coded by the National Vital Statistics according
to the International Statistical Classification of Diseases and Related Health Problems 10th
Revision (ICD-10). All deaths during follow-up were ascertained by population registries in
each municipality. We defined participants who died from all causes before 65 years old during
follow-up as all-cause premature mortality (case) in this study. In Japan, the population aged 65
and above is summarized in vital statistics as the “elderly”. Therefore, we defined those who died
before this period as cases in this study. In addition, we also examined those who died from
cancer before 65 years old as premature cancer mortality (/CD-10, C00-97). Deaths caused by
external injury (/CD-10, S00-T98, VO1-Y98, and Z00-Z98) were not included as cases, because
we focused on natural premature death. We defined the following two types of participants as
control in this study: 1) those still alive at the end of the follow-up survey; or 2) those who died
65 years old or older during the follow-up survey. We targeted 80,629 individuals aged 40-64
years at the baseline survey from 1988 to 1990 and followed up them until 2009. The selection
for participants were retrospectively performed after the end of the follow-up period. Of the
68,925 individuals in the blood sample collection areas, we collected blood samples from 30,193
individuals. Of these, we excluded 4,761 participants from whom blood samples were unavailable
because the samples had been used in previous case-control studies for cancer incidence, then
25,432 participants were available for this study.”’” Among those who are available in serum

Table 1 Premature mortality causes coded for /CD-10

Premature mortality
(ICD-10 code)

A 1 0.8
1 0.8
80 64.0
3 2.4
2 1.6
1 0.8
6
0

Number (n) Percentage (%)

4.8

0.0

15 12.0
4.8
4.0
0.0
1.6
1.6
0.8
0.0
0.0
T 0.0
Unknown 0.0

Total 125 100.0
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samples, controls (n = 926) were randomly selected from the strata of sex, age group for each
10 years, study area, and year of sample collection. 346 cases from the whole populations are
identified during the follow-up period. From 1,272 participants (346 cases and 926 controls), a
total of 619 participants was available for measurement of serum carotenoid after measurement
of other biomarkers, but randomly selected from cases and controls. A total of 173 participants
were excluded due to the following reasons: clinical history of cancer, CVD, or diabetes (n =
35) for selecting healthy adults at the baseline survey, lack of information for anthropometric
indices (n = 17) or blood pressure (n = 99); or relocation away from a study site (n = 22).
Finally, a total of 446 participants (125 cases and 321 controls) were included in our statistical
analysis. The breakdown of premature mortality (n = 125) in this study is shown in Table 1.
Written informed consent was obtained from all participants from 36 of 45 study sites. From the
remaining 9 sites, we obtained group-based informed consent from the area leader. The design
and protocol of this study was approved by the ethics committee at Hokkaido University School
of Medicine (No. 14-044).

Measurement of serum carotenoids

All samples were collected by trained staff during the baseline survey in each study site. Serum
concentration of six carotenoids (zeaxanthin/lutein, canthaxanthin, B-cryptoxanthin, lycopene,
o-carotene, and [-carotene) were measured by high-performance liquid chromatography (Waters
2487 Dual Absorbance Detector, Waters Co., Milford, MA, USA) as described elsewhere.’® We
calculated total carotenes by totaling concentrations of o- and B-carotenes and lycopene, total
xanthophylls by totaling concentrations of B-cryptoxanthin, canthaxanthin, and zeaxanthin/lutein,
and provitamin A by totaling concentrations of o~ and P-carotenes and B-cryptoxanthin.

Statistical analysis

We performed statistical analyses after stratification by sex, because serum carotenoid levels
differed significantly between men and women. Student’s t-test and the Wilcoxon rank-sum test
were used to compare continuous variables between controls and the premature mortality group.
For categorical variables, we performed Fisher’s exact test to check whether proportions of
variables differed between controls and the premature mortality group. We used logistic regression
analysis to estimate odds ratios (ORs) and 95% confidence intervals (Cls) for premature mortality.
All participants were categorized into tertiles (low, middle, or high) according to serum carotenoid
level of controls in each sex. ORs were calculated for the middle and highest tertile against the
lowest tertile as a reference. To assess linear trends in OR across tertiles, we also performed
logistic regression analysis with an explanatory variable coding each tertile as a continuous
variable (1, 2, or 3). These regression analyses were performed after adjusting for potential
confounders, including, age, study site, years of education, diastolic blood pressure, body mass
index, smoking status (current smoker vs never/ex-smoker), alcohol drinking (current drinker vs
never/ex-drinker), and physical activity in leisure time (none vs >1 h/week). All statistical analyses
were two-sided and values of p<0.05 were considered statistically significant. Statistical analyses
were performed using R version 3.5.1 (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Characteristics of participants

The demographic data of participants at the baseline survey are summarized by sex (Table
2). During follow-up, premature mortality was identified in 60 men and 65 women. Mean age
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(standard deviation) in men and women at baseline survey was 50.4 (7.1) years and 50.8 (7.1)
years, respectively. No significant differences in lifestyle risk factors such as smoking, drinking
alcohol, or exercise were apparent between case and control in either sex.

Table 2 Basic characteristics of the participants at the baseline survey

Men (n = 174) Women (n = 272)
Control Case Control Case

(m = 114) (n = 60) (m = 207) (n = 65)
Age, year 51.5(7.5) 48.6 (5.8) 51.8(7.2) 47.7(5.7)
Years of education, year 16.7 (2.2) 16.9 (2.0) 16.6 (2.0) 17.0 (2.2)
BMI, kg/m? 23.0 (3.0) 23.2(3.2) 22.9(2.9) 23.6 (3.9)
SBP, mmHg 127.7 (14.5) 130.5 (17.0) 125.7 (18.3) 126.8 (18.2)
DBP, mmHg 79.3 (10.5) 80.3 (13.2) 76.6 (10.7) 76.7 (13.5)

Zeaxanthin/Lutein, umol/L?
Canthaxanthin, pmol/L*
B-cryptoxanthin, pmol/L?
Lycopene, pmol/L?
o-carotene, umol/L?
B-carotene, pmol/L?

Total carotene, umol/L?
Xanthophylls, umol/L*
Provitamin A, pmol/L*

Total carotenoid, pumol/L?

0.82 [0.62, 1.12]
0.04 [0.03, 0.06]
0.17 [0.10, 0.31]
0.08 [0.07, 0.14]
0.06 [0.04, 0.10]
0.26 [0.16, 0.49]
0.39 [0.28,0.71]
1.04 [0.82, 1.52]
0.56 [0.37, 0.89]
1.49 [1.18, 2.19]

0.82 [0.67, 1.06]
0.04 [0.03, 0.06]
0.10 [0.05, 0.18]
0.08 [0.04, 0.13]
0.05 [0.03, 0.07]
0.18 [0.10, 0.40]
0.30 [0.20, 0.62]
1.03[0.81, 1.27]
0.38 [0.22, 0.63]
1.38 [1.00, 1.97]

0.95[0.73, 1.22]
0.05[0.03, 0.06]
0.26 [0.16, 0.44]
0.14 [0.10, 0.20]
0.10 [0.06, 0.14]
0.590.37, 0.87]
0.81[0.56, 1.21]
1.33[1.03, 1.73]
1.03 [0.73, 1.51]
2.14[1.67, 2.95]

0.85[0.69, 1.12]
0.05 [0.04, 0.07]
0.38 [0.18, 0.60]
0.12[0.09, 0.19]
0.09 [0.06, 0.13]
0.54 [0.36, 0.79]
0.78 [0.53, 1.06]
1.32[1.06, 1.68]
1.07 [0.79, 1.46]
2.12[1.66, 2.85]

n (%) n (%) n (%) n (%)

Smoking status

Never/Ever 55 (48.2%) 23 (38.3%) 198 (95.7%) 59 (90.8%)

Current 59 (51.8%) 37 (61.7%) 9 (4.3%) 6 (9.2%)
Alcohol consumption

Never/Ever 25 (21.9%) 10 (16.7%) 158 (76.3%) 54 (83.1%)

Current 89 (78.1%) 50 (83.3%) 49 (23.7%) 11 (16.9%)
Leisure-time exercise

> lhr/week 25 (21.9%) 9 (15.0%) 45 (21.7%) 12 (18.5%)

“Values are summarized as median and interquartile range; otherwise continuous variables are sum-

marized as mean and standard deviation.

BMI: body mass index

DBP: diastolic blood pressure
SBP: systolic blood pressure

Carotenoids and all-cause premature mortality
Crude and adjusted ORs for all-cause premature mortality are shown according to the tertiles of
serum carotenoids (Table 3 and 4). In men, higher levels of serum B-cryptoxanthin and provitamin
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A were associated with lower risks of all-cause premature mortality compared to the lowest tertile
in crude analyses (OR, 95% CI: 0.33, 0.15-0.72 and 0.26, 0.11-0.61, respectively) (Table 3).
In women, serum B-cryptoxanthin was marginally associated with all-cause premature mortality
compared to the lowest tertile in crude analyses (OR, 95% CI: 1.89, 0.98-3.72) (Table 4). In
men, adjusted ORs for all-cause premature mortality in the highest tertiles of B-cryptoxanthin
and provitamin A were significantly lower compared to the lowest tertile (OR, 95% CI: 0.19,

Table 3 Associations between premature all-cause mortality according to tertile of serum carotenoid level (Men)

Crude Adjusted®
Case/Control OR (95% CI) trend p OR (95% CI) trend p
Low 18/38 Reference Reference
Zeaxanthin/Lutein ~ Middle 27/38 1.50 (0.71-3.20)  0.69  2.47 (1.05-6.08)  0.68
High 15/38 0.83 (0.36-1.89) 1.25 (0.50-3.13)
Low 22/37 Reference Reference
Canthaxanthin Middle 16/38 0.71 (0.32-1.55) 095  0.69 (0.29-1.63)  0.95
High 22/38 0.97 (0.46-2.05) 1.02 (0.43-2.46)
Low 36/38 Reference Reference
B-cryptoxanthin Middle 12/38 0.33 (0.15-0.72)  0.003  0.21 (0.08-0.53) <0.001
High 12/38 0.33 (0.15-0.72) 0.19 (0.07-0.47)
Low 28/40 Reference Reference
Lycopene Middle 14/36 0.56 (0.25-1.20)  0.21 0.71 (0.29-1.70)  0.47
High 17/38 0.64 (0.30-1.34) 0.75 (0.32-1.74)
Low 28/39 Reference Reference
o-carotene Middle 20/39 0.71 (0.34-1.47)  0.06  0.69 (0.30-1.54)  0.07
High 12/36 0.46 (0.20-1.03) 0.43 (0.17-1.07)
Low 30/38 Reference Reference
[B-carotene Middle 13/38 0.43 (0.19-0.94) 0.06  0.52 (0.21-1.22)  0.18
High 15/38 0.50 (0.23-1.06) 0.58 (0.24-1.36)
Low 31/38 Reference Reference
Total carotene Middle 13/38 0.42 (0.19-091) 0.04 0.46 (0.19-1.09)  0.09
High 15/38 0.48 (0.22-1.03) 0.48 (0.20-1.14)
Low 21/38 Reference Reference
Xanthophylls Middle 26/38 1.24 (0.60-2.58)  0.29 1.38 (0.62-3.10)  0.61
High 13/38 0.62 (0.27-1.40) 0.76 (0.30-1.86)
Low 34/38 Reference Reference
Provitamin A Middle 15/38 0.44 (0.20-0.93) 0.001 0.41 (0.18-0.94) 0.002
High 9/38 0.26 (0.11-0.61) 0.24 (0.09-0.61)
Low 25/38 Reference Reference
Total carotenoid  Middle 19/38 0.76 (0.36-1.60) 0.20  0.78 (0.34-1.76)  0.41
High 15/38 0.60 (0.27-1.30) 0.70 (0.29-1.67)

*Adjustment for age, study site, years of education, diastolic blood pressure, body mass index, smok-
ing status, drinking status, and leisure-time exercise.

CI: confidence intervals

OR: odds ratio
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0.07-0.47 and 0.24, 0.09-0.61, respectively) (Table 3). Conversely, in women, significantly higher
risk was observed for the highest tertile of serum B-cryptoxanthin level compared to the lowest
tertile (OR, 95% CI: 1.94, 1.00-4.03) (Table 4). Although higher levels of B-cryptoxanthin and
provitamin A were associated with lower risk of premature mortality in men (trend p < 0.001
and 0.002) (Table 3), a positive association between B-cryptoxanthin and premature mortality
was observed in women (trend p = 0.05) (Table 4).

Table 4 Associations between premature all-cause mortality according to tertile of serum carotenoid level (Women)

Crude Adjusted®
Case/Control OR (95% CI) trend p OR (95% CI) trend p
Low 31/68 Reference Reference
Zeaxanthin/Lutein ~ Middle 16/71 0.49 (0.24-097) 0.09  0.55 (0.26-1.14)  0.62
High 18/68 0.58 (0.29-1.13) 0.88 (0.41-1.85)
Low 24/69 Reference Reference
Canthaxanthin Middle 15/73 0.59 (0.28-1.21) 0.67 0.64 (0.29-1.36) 0.34
High 26/65 1.15 (0.60-2.21) 1.46 (0.72-3.01)
Low 18/68 Reference Reference
B-cryptoxanthin Middle 13/71 0.69 (0.31-1.51) 0.04  0.65 (0.28-1.50)  0.05
High 34/68 1.89 (0.98-3.72) 1.94 (1.00-4.03)
Low 22/68 Reference Reference
Lycopene Middle 24/71 1.04 (0.54-2.05)  0.59 1.09 (0.53-2.25) 0.87
High 18/68 0.82 (0.40-1.66) 1.06 (0.48-2.35)
Low 24/69 Reference Reference
o-carotene Middle 24/70 0.99 (0.51-1.90) 037 0.84 (0.41-1.73) 047
High 17/68 0.72 (0.35-1.45) 0.76 (0.35-1.62)
Low 26/68 Reference Reference
[B-carotene Middle 22/71 0.81 (0.42-1.56) 0.23  0.78 (0.38-1.60)  0.84
High 17/68 0.65 (0.32-1.30) 0.95 (0.44-2.05)
Low 25/68 Reference Reference
Total carotene Middle 24/71 0.92 (0.48-1.77) 022 093 (0.46-1.89)  0.67
High 16/68 0.64 (0.31-1.29) 0.84 (0.38-1.85)
Low 19/68 Reference Reference
Xanthophylls Middle 26/71 1.31 (0.67-2.61)  0.89 1.38 (0.66-2.90) 0.34
High 20/68 1.05 (0.52-2.16) 1.45 (0.67-3.17)
Low 18/68 Reference Reference
Provitamin A Middle 23/71 1.22 (0.61-2.49) 042 1.28 (0.60-2.79)  0.18
High 24/68 1.33 (0.67-2.71) 1.70 (0.79-3.76)
Low 21/69 Reference Reference
Total carotenoid  Middle 27160 1.27 (0.66-2.47)  0.62 1.30 (0.63-2.68)  0.62
High 17/68 0.82 (0.40-1.69) 1.20 (0.54-2.64)

*Adjustment for age, study site, years of education, diastolic blood pressure, body mass index, smok-

ing status, drinking status, and leisure-time exercise.

CI: confidence intervals

OR: odds ratio
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Carotenoids and cancer premature mortality

Crude and adjusted ORs for premature cancer mortality with respect to the tertiles of serum
carotenoids (Table 5 and 6). In men, the highest tertiles of B-cryptoxanthin and provitamin
A showed lower ORs for premature cancer mortality in crude analyses (OR, 95% CI: 0.28,
0.08-0.78 and 0.28, 0.08-0.78, respectively) (Table 5). On the other hand, in women, the high-
est tertile of B-cryptoxanthin showed a significantly higher OR of premature cancer mortality

Table 5 Associations between premature cancer mortality according to tertile of serum carotenoid level (Men)

Crude Adjusted®
Case/Control OR (95% CI) trend p OR (95% CI) trend p
Low 8/38 Reference Reference
Zeaxanthin/Lutein ~ Middle 17/38 2.13 (0.84-5.76)  0.84 4.51 (1.46-15.79) 0.51
High 7/38 0.88 (0.28-2.67) 1.59 (0.45-5.82)
Low 11/37 Reference Reference
Canthaxanthin Middle 9/38 0.80 (0.29-2.14)  0.89  0.80 (0.26-2.43)  0.68
High 12/38 1.06 (0.42-2.74) 1.28 (0.42-4.02)
Low 18/38 Reference Reference
B-cryptoxanthin Middle 9/38 0.50 (0.19-1.23)  0.02  0.34 (0.10-1.01) 0.001
High 5/38 0.28 (0.08-0.78) 0.10 (0.02-0.37)
Low 18/40 Reference Reference
Lycopene Middle 6/36 0.37 (0.12-0.99) 0.08  0.46 (0.14-1.39)  0.19
High 8/36 0.47 (0.17-1.17) 0.51 (0.17-1.49)
Low 15/39 Reference Reference
o-carotene Middle 9/39 0.60 (0.23-1.51) 024  0.47 (0.16-1.36)  0.31
High 8/36 0.58 (0.21-1.50) 0.60 (0.18-1.91)
Low 16/38 Reference Reference
[B-carotene Middle 7/38 0.44 (0.15-1.15)  0.13  0.52 (0.16-1.55) 0.44
High 8/38 0.50 (0.18-1.28) 0.68 (0.21-2.10)
Low 17/38 Reference Reference
Total carotene Middle 7/38 0.41 (0.14-1.07)  0.09  0.43 (0.13-1.29) 0.22
High 8/38 0.47 (0.17-1.19) 0.51 (0.15-1.59)
Low 12/38 Reference Reference
Xanthophylls Middle 15/38 1.25 (0.52-3.06)  0.17 1.31 (0.49-3.60)  0.38
High 5/38 0.42 (0.12-1.24) 0.51 (0.14-1.72)
Low 18/38 Reference Reference
Provitamin A Middle 8/38 0.44 (0.16-1.12)  0.01 0.37 (0.12-1.09)  0.02
High 5/38 0.28 (0.08-0.78) 0.26 (0.07-0.85)
Low 13/38 Reference Reference
Total carotenoid  Middle 10/38 0.77 (0.29-1.96) 045 0.76 (0.25-2.24)  0.89
High 9/38 0.69 (0.26-1.80) 0.93 (0.30-2.92)

*Adjustment for age, study site, years of education, diastolic blood pressure, body mass index, smok-
ing status, drinking status, and leisure-time exercise.

CI: confidence intervals

OR: odds ratio
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compared to the lowest tertile in crude analyses (OR, 95% CI: 2.80, 1.30-6.47) (Table 6). After
adjusting for covariates, in men, logistic regression analyses showed significantly lower ORs for
premature cancer mortality in the highest tertiles of serum B-cryptoxanthin and provitamin A
(OR, 95% CI: 0.10, 0.02-0.37 and 0.26, 0.07-0.85, respectively) (Table 5). Linear trends were
also observed in these carotenoids (B-cryptoxanthin and provitamin A) (p = 0.001 and 0.02,
respectively) (Table 5). In women, the highest tertile of B-cryptoxanthin showed a significantly

Table 6 Associations between premature cancer mortality according to tertile of serum carotenoid level (Women)

Crude Adjusted®
Case/Control OR (95% CI) trend p OR (95% CI) trend p
Low 19/68 Reference Reference
Zeaxanthin/Lutein ~ Middle 13/71 0.66 (0.29-1.42) 0.52  0.73 (0.31-1.67)  0.66
High 15/68 0.79 (0.37-1.68) 1.25 (0.53-2.94)
Low 18/69 Reference Reference
Canthaxanthin Middle 10/73 0.53 (0.22-1.20) 0.76  0.55 (0.22-1.33)  0.31
High 19/65 1.12 (0.54-2.33) 1.58 (0.70-3.61)
Low 10/68 Reference Reference
B-cryptoxanthin Middle 9/71 0.86 (0.32-2.27) 0.005 0.82 (0.29-2.27) 0.004
High 28/68 2.80 (1.30-6.47) 3.23 (1.40-8.03)
Low 16/68 Reference Reference
Lycopene Middle 17/71 1.02 (0.47-2.19) 0.74 1.09 (0.48-2.49) 0.51
High 14/68 0.87 (0.39-1.93) 1.36 (0.56-3.36)
Low 17/69 Reference Reference
o-carotene Middle 16/70 0.93 (0.43-1.99) 0.65 0.85 (0.37-1.92) 0.84
High 14/68 0.84 (0.38-1.83) 0.92 (0.39-2.17)
Low 20/68 Reference Reference
[B-carotene Middle 14/71 0.67 (0.31-1.42) 0.26  0.67 (0.29-1.52) 091
High 13/68 0.65 (0.29-1.40) 1.00 (0.42-2.36)
Low 19/68 Reference Reference
Total carotene Middle 16/71 0.81 (0.38-1.70) 0.26 0.80 (0.35-1.79) 0.84
High 12/68 0.63 (0.28-1.39) 0.94 (0.39-2.25)
Low 11/68 Reference Reference
Xanthophylls Middle 19/71 1.65 (0.74-3.84)  0.33 1.81 (0.77-4.49)  0.07
High 17/68 1.55 (0.68-3.63) 2.35 (0.96-6.01)
Low 13/68 Reference Reference
Provitamin A Middle 15/71 1.11 (0.49-2.52) 0.33 1.14 (0.47-2.82)  0.09
High 19/68 1.46 (0.67-3.25) 2.11 (0.89-5.23)
Low 15/69 Reference Reference
Total carotenoid  Middle 17/70 1.12 (0.52-2.44)  0.97 1.08 (0.47-2.53)  0.29
High 15/68 1.01 (0.46-2.25) 1.64 (0.68-4.01)

*Adjustment for age, study site, years of education, diastolic blood pressure, body mass index, smok-
ing status, drinking status, and leisure-time exercise.

CI: confidence intervals

OR: odds ratio
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higher OR compared to the lowest tertile (OR, 95% CI: 3.23, 1.40-8.03), and statistical analysis
for linear trends also yielded a significant result (p = 0.004) (Table 6).

DISCUSSION

In this study, we prospectively examined associations between serum carotenoids and premature
mortality (all-cause and cancer mortality). Higher levels of serum B-cryptoxanthin and provitamin
A were associated with lower risks of premature mortality in men, whereas higher levels of
serum B-cryptoxanthin with higher risks in women. For cancer premature mortality, significant
beneficial association of P-cryptoxanthin and provitamin A were observed in men, but higher
levels of B-cryptoxanthin was associated with higher risk in women.

Beta-cryptoxanthin is a common carotenoid with high levels seen in citrus fruit such as tan-
gerines, persimmons and oranges. Citrus unshiu MARC, a specific species of mandarin cultivated
in Japan, is known as a major source of B-cryptoxanthin. In fact, Sugiura and his colleagues
found that higher intake of Japanese mandarins was associated with higher serum B-cryptoxanthin
levels.®! In men, we found that higher serum levels are associated with lower premature mortality.
One of the plausible biological functions explaining this association is an antioxidant by accepting
energy from singlet oxygen, one type of reactive oxygen species.”? In Japan, cross-sectional and
prospective studies have collectively reported protective roles of B-cryptoxanthin against a wide
range of diseases and clinical conditions.**** In addition to previous studies in Japan, a reasonable
body of evidence has been accumulated around the world,***® which shows that beta-cryptoxanthin
levels among Japanese controls (0.31 umol/L) were much higher than those of US controls
(0.19 pmol/L).!%* A recent systematic review including 69 prospective studies reported that an
increment of 15 pg/dL in serum B-cryptoxanthin may reduce the risk of all-cause mortality and
cancer, with relative risks of 0.84 and 0.74, respectively, but showed no significant effect on CVD
mortality.*® Our results were line with this meta-analysis for all-cause mortality and premature
cancer mortality, although we could neither analyze nor compare premature CVD mortality due
to the limited sample size. Taking these information together, serum B-cryptoxanthin can be a
marker not only for mortality but also premature mortality in men.

On the other hand, in women, it was surprised that higher levels of serum B-cryptoxanthin
at baseline were associated with a higher risk of premature mortality in women. To the best
of our knowledge, there is no study showing harmful effects of B-cryptoxanthin in women.
Regarding surprising results, one possible explanation is that higher levels of beta-cryptoxanthin
is associated with better bone repairing indices among postmenopausal women. This beneficial
effect for bone metabolism seems to be stronger than males and is found only in groups with
beta-cryptoxanthin levels higher than a certain threshold.** Then, if postmenopausal women
with higher levels of beta-cryptoxanthin tend to use it for bone repair, serum levels may be
similar to or lower than the low group. This possibility can lead to opposite results compared
to men. Another explanation is that high levels of serum B-cryptoxanthin in women cases may
have adverse effects on human health as well as conflicting evidence of higher levels of serum
[B-carotene on lung cancer in randomized controlled trials (RCT).*** In these previous clinical
trials on [-carotene supplementations, blood levels of B-carotene were two to six times higher
than the 95th percentile of B-carotene in a representative sample of the US population. In the
present study, we found that the mean levels of serum B-cryptoxanthin in woman cases were
1.5-folds higher than those of controls. Although the biological backgrounds underlying adverse
effects of B-carotene are still unclear, excessive B-cryptoxanthin may have a similar adverse
effect because both B-carotene and B-cryptoxanthin are categorized in provitamin A. Even though
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the research design and the target population are different between previous clinical trials and
this study, caution is thus warranted when interpreting the result of B-cryptoxanthin and further
studies are needed to evaluate this association in other populations.

Provitamin A (c-carotene, f-carotene, and B-cryptoxanthin) are the natural precursor for reti-
noids. In this study, significant association between serum provitamin A and premature mortality
from all-causes and cancer appears to be derived from B-cryptoxanthin in men. In other words,
this suggests that the effects of a-carotene and P-carotene are not significantly associated with
premature mortality. Several epidemiological studies reported similar results in different health
outcomes. In European and North American populations, the pooled analysis of large cohort stud-
ies showed that only B-cryptoxanthin among carotenoids with provitamin A activity (o-carotene
and PB-carotene) was associated with lung cancer.* Additionally, a meta-analysis also indicated
stronger effects of dietary intake and blood levels of B-cryptoxanthin on lung cancer than that
of a-carotene and [B-carotene.** The plausible mechanism underlying this stronger effect of
B-cryptoxanthin among provitamin A carotenoids can be its high bioavailability.* This difference
of biological function can explain the results that only B-cryptoxanthin and provitamin A were
associated with premature mortality in this study.

Various limitations of this study should be discussed. First, the process for selecting cases
and controls was incomplete as shown in the Method. Although we needed to select cases and
controls before utilizing serum samples from 30,193 participants, we conducted this study after
excluding 4,761 participants due to the sample availability. This might not be much biased in our
results because these excluded participants included both cancer cases and age- and sex-matched
participants. However, this incomplete process seems a limitation in this study. Second, study
subjects were limited compared to the overall population of study participants in the JACC
Study, which may have resulted in sampling bias. It is not easy to describe how this biased
our results because effect and directions by sampling bias can be defined by how different the
sampling people was from whole participants. Third, we investigated associations in an entirely
Japanese population, even though participants were from every part of Japan. The associations
identified thus cannot be generalized to other populations and should be evaluated in other
studies. Forth, our sample size was relatively small. We therefore could not estimate the risk of
serum carotenoids for premature CVD mortality, other causes, or particular types of cancer. Fifth,
seasonal variations in some carotenoids may have affected the results. In particular, serum levels
of B-cryptoxanthin were affected by mandarin intake and were higher in January.* In this study,
the timing of blood collection varied between each research facility. To remove seasonal variation
in carotenoids as much as possible, we adjusted for each study site in multivariable regression
analyses. Regarding a stored duration, after collecting samples in 1988-1990, we stored serum
samples at —80 degrees and measured in 2015. Although this long-term storage may deteriorate
the quality of samples, interpretation with qualitative groups (ie three different groups for each
carotenoid; low, middle, and high) may be valid. Sixth, we performed multiple testing for the
association between each serum carotenoids levels and premature mortality. When we applied the
Bonferroni correction for P-values (adjusted P-value: 0.05 / 10 = 0.005), significant associations
with total premature mortality still remains in serum B-cryptoxanthin and provitamin A in men
(trend p < 0.001 and 0.002). On the other hand, the association between serum [-cryptoxanthin
and total premature mortality was not significant in women (trend p = 0.05). Summing up these
limitations, further studies are expected to validate this association using a larger population.

In conclusion, we found that serum B-cryptoxanthin and provitamin A played protective roles
against premature all-cause and cancer mortality in men. Although serum B-cryptoxanthin seems
to be a risk factor for premature mortality in women, the biological mechanisms underlying this
association remain unclear. Care is therefore needed in interpreting this result, but the present
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study may provide an insight that serum B-cryptoxanthin and provitamin may be a biomarker
for premature mortality in Japanese populations.
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